Bío-Bío, Chillán, Chile. We showed that functional symbiosis improve the physiological performance and yield in crops subjected to 1 9 salinity, by biochemical and molecular mechanisms. Thus, here we pointed a successful strategy to meet the 2 0 future challenges for help to maintain the food security. Increase in the soil salinity will be a conspicuous constraint for both native plant communities as well as performance in cultivars of tomato and lettuce, grown under different salt conditions. In addition, we 2 8
The earth planet is facing dramatic environmental changes driven by the market economy with an increasing 4 2 human population and higher life expectancy (Tilman et al., 2002; Foley et al., 2005; Godfray et al., 2010) .
3
Hence, food production may be compromised by a combination of effects from the undergoing climate number: KJ881371) were identified as Penicillium brevicompactum and P. chrysogenum, respectively separated in different Petri dishes and then frozen until to be used in the experiments. streptomycin. Cultures with endophytes were incubated at 22 ± 2 ºC with a photoperiod 14/10 day/night.
4 3
After two weeks of incubation, conidia were harvested from plates by adding 10 ml of sterile water and
gently scraping off conidia with a sterile glass slide. The conidia suspension was adjusted to 100 ml of 1 4 5 0.05% Tween-100, sterilized solution, filtered through three layers of sterile cotton cheesecloth gauze.
4 6
Conidia concentration was estimated by using a Neubauer chamber and adjusted to 1 x 10 5 conidia/ml and its 1 4 7
viability was tested according to methodology described by Greenfield et al., (2016) and the mean conidia viability was > 95%. (iv) plants irrigated with 40 cc of tap water/day plus 150 mM NaCl solution and the presence of endophytes.
The endophyte inoculum consisted of a concentrated mix of conidia from the two fungi (P.
1 6 1 brevicompactum and P. chrysogenum). The plant inoculation was repeated to ensure the fungi to establish an 1 6 2 effective association; verification of the symbiosis was evidenced by microscopy re-cultured technics in
plates. Before the beginning of the experiment, two plants of each species/treatment were sacrificed to check
microscopically for the presence and/or absence of endophytes by routine staining of roots.
The amount of tap water that is normally added to lettuce and tomato crops in different commercial seedlings (n = 100 for each treatment) were transplanted to the field and distributed in rows; distance (tomato) days, and the measurements were made simultaneously in all treatments for both species. Environmental conditions were recorded at midday (12:00-15:00h) during the whole experimental period. Air temperature and relative humidity was recorded with a data logger (HOBO-Pro v2 U-23) and sunlight experiment, daily mean temperature and relative humidity were 21.6 ºC (± 3.8) and 65 % (± 12),
respectively; while daily mean radiation was 1.422 μmol m -2 s -1 (± 336). Ecophysiological traits
The net photosynthesis rate (A), and transpiration rate (E) were measured on a visually healthy leaf from 25 Gas Analyser, CIRAS-2, PP-Systems Haverhill, USA). From gas exchange measurements, we estimated the
instantaneous water use efficiency (WUE) for photosynthesis as the ratio between photosynthetic rate and an increase in WUE is usually induced by a decrease in water availability (Lambers et al., 1998) . At the end of the experimental period, sampled individuals in each treatment were extracted from the soil
without damaging the root system. Subsequently, the roots were washed without removing them from the stem and left to dry in the shade for 1 h. Total fresh biomass of both, shoots and roots of each individual was
weighed with a digital electronic scale (Boeco BBL-52; 0.01 g-precision). Taking into account for each
species the nature of their commercialized product, the individual average final crop yield was estimated
after over-drying at 62 °C for 96 h the complete shoot tissues of each lettuce (i.e. the leaves), and the fruits in
the case of tomato plants. Gene expression 1 9 8
Total RNA was extracted from leaves of 0, 30 and 90 (lettuce) or 100 (tomato) days old plants (n = 5 ind. per
species-treatment) according to Chang et al., (1993) . RNA yield and purity were checked by means of UV 2 0 0 absorption spectra, whereas RNA integrity was determined by electrophoresis on agarose gel. DNA was At the end of the experiment, the concentrations of elements (N, P, K and Na) and molecules (NO by Bray-1 method; K, and Na after ammonium acetate extraction. N was determined via combustion analysis Optima 3000DV, Wellesley, MA, USA). water use efficiency (WUE) and gene expression), we used two-way repeated measures (rm) ANOVAs.
3 5
Model fitting was performed with the aov function from the base R options using the individual nested in
time as the random error structure as allowed for homoscedastic and orthogonal designs. Shoot nutrient 2 3 7
concentrations (N, P and K) under the four experimental treatments, control/E-, control/E+, salt added/E-,
and salt added/E+, were compared for lettuce and tomato using a one-way ANOVAs. For the one-way and 2 3 9
two-way standard ANOVA's, a posteriori differences between treatments were evaluated using Honest probabilities, a Cox proportional-hazard model was performed for each species data using the coxph function the Gehan-Wilcoxon test as allowed in the pairwise_survdiff function, implemented in the survminer R- for proportional hazard models was verified with the cox.zph R-function (Therneau, 2015). While the final yield of lettuce and tomato crops was reduced by plus 150 mM NaCl solution saline stress,
endophyte inoculation increased final yield (Fig. 1A) . The interaction factor (E x S) revealed that the impact
of endophyte inoculation on final yield was stronger under saline stress both in lettuce (F 1,96 = 387.7; P < 2 5 8 0.0001) and tomato (F 1,96 = 139.2; P = < 0.0001).
5 9
The survival probabilities of both species appeared to be significantly affected by the presence of the endophyte results in a 1.6 fold hazard increase, while growth under saline stress leads to a higher risk of dead increased by a factor of 2.1 (Sup. with the endophyte consortium, whereas the saline stress increased the hazard in 3.4 times (Sup. Table 1) .
Interestingly, despite that saline stress seems to drive the main survival differences in both species, the 2 6 8 presence of the endophyte significantly reduces the individual mortality in both crops under stress (Fig. 1B) .
6 9
This effect is particularly observed on tomato plants, which survival probabilities felt below 50% under
saline stress when the endophytes were not added. Salt stress and fungal inoculation significantly affected A max and WUE in both crops (Table 1) . Moreover,
saline stress reduced A max in time; in contrast, endophyte inoculation increased A max along the experiment 2 7 5
( Fig. 2A , Table 1 ). The lack of interaction between endophyte inoculation and saline stress indicates that the increase in A max due to endophytes was not affected by salinity. Saline stress reduced WUE in both species Table 1 ). Without saline stress (control), the positive effect of the endophyte on WUE was significant in 2 7 9
lettuce but not in tomato plants, despite the significant changes in time observed for both crops (Fig. 2B ).
8 0
This was consistent with the significant interaction between endophyte inoculation and saline stress ( Gene Expression and content of foliar Na
The relative expression of the NHX1 gene showed a significant increase in time as a result of both, saline 2 8 6 stress and endophyte inoculation (Fig. 3A , Table 1 ). However, despite significant changes in time were increased by fungal endophytes (Fig. 3A) . The significant interaction between those factors indicates that,
under saline stress, endophyte inoculation induced a higher increase in the expression of NHX1 gene. In both 2 9 0 species the maximal gene expression was reached after 30 days (Fig. 3A) .
The percentage of foliar Na + was significantly affected by saline stress and endophyte inoculation 2 9 2 (Fig. 3B) . For both species, lettuce and tomato, there were no differences between E-and E+ plants under higher proportion of Na + than E-plants ( Fig 3B) . In lettuce, the percentage of nitrogen and phosphorus content were significantly increased due to endophyte 2 9 8
inoculation both under control and salt stressed conditions (Table 2) . Besides, plants inoculated with 2 9 9
endophytes grown under salt stress reached the highest foliar potassium concentration (Table 2 ). In tomato's, was greater under control conditions than under saline stress, but was not affected by the endophyte 3 0 2 inoculation (Table 2) . Potassium concentration, in turn, was higher under saline stress than under control potassium availability (Table 2) .
The combination of growing food demand, inappropriate agricultural practices and global climate change has 3 0 8
promoted the rapid expansion of saline soils worldwide, particularly among arid and semiarid environments 3 0 9
( Singh et al., 2015) . Under such conditions, the physiological and biochemical functions of both wild and 3 1 0 cultivated plant species are impaired causing severe yield losses (Deinlein et al., 2014) . Therefore,
alternative and strategic tools to improve agricultural production are needed for the upcoming and 3 1 2 challenging years (Roy et al., 2014) . In this direction, we experimentally tested the potential for Antarctic
root-fungal endophytes, Penicillium chrysogenum and Penicillium brevicompactum, to improve the saline-
stress tolerance in non-natural (i.e. new) hosts; in this case, two commercial crops, lettuce and tomato. In at different biological levels, from gene expression to eco-physiological plant performance. Specifically, the stressful conditions. Endophyte-inoculated plants of lettuce and tomato showed an enhanced survival and efficiency. We also determined that the presence of the root fungal symbionts affected the gene expression of ameliorate saline stress in crops. Due to their ability to promote plant-growth and stress tolerance, extremophile microorganisms - ( Khan et al., 2013; Rho et al., 2017) .
The number of soil fungi that are reported as beneficial for host plants by establishing endophytic
colonization of the roots is increasing (Harman et al., 2004; Rodriguez et al., 2009) . Several studies have found evidence showing that fungal endophytes isolated from semiarid environments, such as Penicillium fungi, are known to deliver benefits on a number of host species through boosting the physiology and growth 3 4 4 of plants (Harman et al., 2004; Harman, 2011 proline (Molina-Montenegro et al., 2016a) , an osmotic molecule that has been previously associated to other 3 4 9
Horticulturae 127, 228-233. Trends in Plant Science 22, 583-595. Sensing of Environment 85, 1-20. Systematics 17, 218-226. under Drought Condition. AoB Plants 8, plw062. community. Journal of Arid Environments 126, 54-61. Piriformospora indica in barley grown at low temperature is nutrient limited. Symbiosis 62, 29-39. tolerance to water-deficit stress. BMC Plant Biology 13, 127. Fungal Ecology 2, 10-20. letters indicate significant differences between treatments within each nutrient (Tukey HSD tests; α = 0.05). 
